


- Damping accuracy i > 10 -3 % 
- Minimize external damping sources 
- Temperature > 25 O K  

- NGST representative materials and hardware 
- Correlate t o  model 
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NGST requires nanometer stability of OTE a t  40K 

Damping a t  cry0 temperatures expected t o  be extremely low ... 

B u t  very little data available, especially on materials of interest 

NGST funded the development of a cryogenic damping test 
faci lity a t  J P L .  

The cryogenic damping laboratory provides a unique capability 

Experiment Requirement: 



CRY0 DAMPING TEST 
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Models the thermoelastic  energy loss of beams  undergoing  bending strain 
Applies t o  homogeneous  isotropic metallic materials 
Damping induced by atomic  dislocation  and heat dissipation 
Damping (linearly)  proportional t o  temperature !!! 
Damping a function of frequency 
Damping not a function  of strain (above the relaxation  frequency) 
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GC = coeff of thermal expansion rn 
E = modulus of elasticity 
T = temperature 
C, = specific heat 
p = material density 

= frequency of vibration 
T = thermal relaxation time 
h = specimen thickness 
K = thermal conductivity 
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0 Zener model does not predict damping for non- 
metallic materials such as composites 

0 Zener model does not predict dam ing from axial or 
torsional strains. 

m level damping will also be influenced by 
friction of mechanisms  and interfaces. 
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Specimen 

Al- A 

AI-B 

AI-C 

AI-D 

Al-Weld 

. ." 

Thickness 
(mm) 

6.267 

3.142 

1.510 

1.510 

6.291 

. ". . 

Nominal 
Frequency at 

293K (Hz) 

126 

63 

31.5 

18.2 

126 

M. Levine MSFC - Technology Mtg 05/09/01 





t 1 

MSFC - Technology Mtg 05/09/01 



10 

a 
c 

1 
I 

II  

M. Levine MSFC - Technology Mtg 05/09/01 



: Sample 5293 540 

AI-A 9.0e-5  0.74e-5  12.2 

AI-B 44.8e-5  1.8e-5  24.9 

AI-C  109e-5  1.8e-5 60.6 

AI-D 75.5e-5  1.4e-5  53.9 

AI-W  eld 8.1  e-5  0.69e-5  11.7 

t 
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Specimen 

Be-A 

Be-B 

Be-C 

Be-D 

Thickness 
(mm) 

6.50 

2,65 

1.40 

1.40 

. . .. 

Nominal 
Frequency 

at  293K 
(Hz) 
337.2 

137.1 

72,5 

40.8 

M. Levine MSFC - Technology Mtg 05/09/01 

Support 
Separation 

(mm) 

279 

279 

279 

418 

End  Mass 
(kg) 

0 

0 

0 

0,064 
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. .  

Sample 6293 L O  Ratio 640 

Be- A 3.8e-5 2e-5 1.9 

Be  -B  28e-5  4e-5 7 

Be -C 88e-5 8e-5 11 

Be -D 9le-5 8e-5 11.4 

ICs3 u 2; 
i 
! 
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0 Developed a unique facility t o  measure damping a t  a 
range of temperatures  from RT t o  20K. 
More materials are currently being tested including 
fused si I ica. 

0 Other cryo tests: 
- Micro-G Accelerometer calibration in progress 
- Friction devices and actuators will be  tested this 

summer. 
yc/IL 
r b  - Second facility is being set up t o  measure creep 
21 and CTE from-RT t o  30K. Projected  accuracy is 

0.lppm. 
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